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Abstract: The experience with biologicals in currently available animal models suggest that inflammatory 
autoimmune disease depend on IFN-y-producing T helper (Th) cells. Deletion of T cells improves most of these 
autoimmune diseases but bears the risks of general immunosuppression. Alternatively, selective deviation of 
the inflammatory, disease-inducing Th cells into an anti-inflammatory Th cell phenotype may be a promising 
strategy to treat inflammatory autoimmune diseases, such as psoriasis, rheumatoid arthritis, multiple sclerosis 
or autoimmune diabetes. The common feature of these organ-specific autoimmune diseases is the close 
association with IFN-y-producing Thl cells, which recognize organ-specific antigens and orchestrate the cells 
and mediators that ultimately cause the tissue damage. Even though the autoantigens recognized in psoriasis 
remain enigmatic, it has been the first Thl -mediated autoimmune disease successfully treated in humans by 
immune deviation. The basis of such an immune intervention therapy has been established in experimental 
mice with model diseases of multiple sclerosis, rheumatoid arthritis or autoimmune diabetes. In all these 
autoimmune diseases clinical improvement was associated with the skewing of IFN-y producing autoantigen- 
specific Thl cells into an IL-4 dominated Th2 phenotype. Such Th2 cells are still reactive to the autoantigen 
but provide a different cytokine pattern. The most powerful cytokines capable of inducing anti-inflammatory 
Th2 cells are IL-4 itself or IL-1 1. Interestingly, another agent that has been used for decades in the therapy of 
psoriasis in some European countries, fumaric acid esters (FAE), seems also to induce itnmune deviation. This 
review focuses on the potential immune deviating strategies based on the use of IL-4, IL-U or FAE in the 
therapy of psoriasis, the effects of these agents on the immune system, potential risks and future perspectives 
for therapeutic intervention by immune deviation replacing immunosuppression. 



T CELLS IN INFLAMMATORY AUTOIMMUNE 
DISEASE 

Inflammatory autoimmune diseases affect 3-5 % of the 
population and can manifest in multiple organ systems of 
the body. The most frequent inflammatory autoimmune 
diseases that target one specific tissue are type I diabetes, 
autoimmune thyroiditis, multiple sclerosis, uveoretinitis, 
rheumatoid arthritis or psoriasis. Various cells of the 
immune system are involved in the pathogenesis of these 
diseases and a number of experimental animal models helped 
fundamentally to understand the immunological processes 
leading to T cellrmediated or immunglobulin (Ig)-mediated 
autoimmune disease. One of the best established mouse 
models to investigate the role of lymphocytes in organ- 
specific autoimmime disease is experimental autoimmvme 
encephalomyelitis (EAE), which mimics human multiple 
sclerosis. Based upon the studies on the role of CD8"^ T 
cells in the control of infections or tumor defense, cytotoxic 
CD 8+ T cells were suggested to be the cells mainly 
responsible in the development of inflammatory 
autoimmune diseases. Even though CDS knock out mice 
(CDS ''") showed a milder course of disease in the acute 
phase of EAE, surprisingly, a higher frequency of relapses 
has been observed in the chronic phase of the disease [1]. In 
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parallel to the studies on CD8+ T cells, several groups 
focused on the role of CD4''' T cells as the predominant 
autoreactive lymphocytic population in the pathogenesis of 
autoimmune diseases. Using a rat EAE model, a therapeutic 
approach with anti-CD4 antibodies has been shown to be 
effective [2]. In the following specific CD4+ T cell clones 
have been identified, which can induce EAE after transfer 
into naive mice. These T cell clones are reactive to sy.ithetic 
peptides of myelin-derived antigens [3]. Cytokine analysis 
of CD4"'" T cells recognizing myelin-derived peptides 
showed an IFN-y-producing Thl cell phenotype that release 
little or no IL-4 [4,5]. More importantly, autoreactive Thl 
cells induce severe disease while Th2 cell clones or lines had 
non encephalitogenic potential [5,6]. Analysis of disease 
development and progression in other experimental diseases 
such as models of autoimmune diabetes, proteoglycan- 
induced arthritis or experimental autoimmune uveoretinitis 
support the concept 0at these diseases are mediated by 
autoreactive IFN-y-producing Thl cells [7-9]. 



THl - TH2 DIFFERENTIATION 

Naive CD4+ T cells can differentiate into two major 
subpopulations, IFN-y-producing Thl cells or CD4"'" T cells 
of a Th2 phenotype, which is characterized by the secretion 
of large amounts of IL-4 and IL-5 but only small amounts of 
IFN-y. This antagonistic polarization is dependent on at 
least two stimuli: stimulation of Th cells through the T cell 
receptor (TCR)/CD3 complex and a cytokine, IL-12 is the 
cytokine that strongly promotes the generation of Thl cells 
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inducing EAE, autoirnsnsHje diabetes or arthritis, whereas Ig- 
mediated autoisnjisune diseases seem to be associated with 
aiitoreactiye Th2 cells [5,22-26]. 

IMMUNE DEVIATION VERSUS IMMUNO- 
SUPPRESSION 

The therapy of autoiintntme diseases is stili primarily 
based oi\ iniiiuinosuppressive agents such as corticosteroids, 
cyclosporine or irietbotiexate. These agents are very effective 
ii) Bjany patier.ts with inflammatory asitoiniisiune diseases. 
Becatise of tlie general immunosuppression provided by 
these agents they may promO'e ihe risk of infections and 
tumor development [27,28 j. Immunosuppression was 
originally viewed as an anugen -specific therapy that would 
be based oii 'silencing peptides'. Such peptides \voi!id 
compete with the pathogenic peptide. Such approaches with 
altered peptide Hgands of myeiin basic protein have bean 
tested in patients with nraltipie scies'osis [29,30],: Until 
today, these specitic therapies failed and current treat.tn.ent of 
autoimmune diseases is pritnariiy based on conventional 
immuHosijppressive drugs [31]. Alteniativeiy, new 
biologicals were designed that selectively inhibit defmed T 
cell populations, such as anti-CD4 or anti- CD3 antibodies 
[32-34], 

An alternative approach would be deviation of disease- 
inducing Thi ceils into m autoreactive anti-infiammaiory 
Tb2 pbejiotype. Animal experiments suggest that such an 
approach ntay be hel{)ful to treat iriflammatory autoirtntiunc 
diseases. Two signals are inspoitant \Qr the itiduction of Th2 
cells in vitro as well as in vivo. Stimulation of the TCR by 
the autoantigeii and IL-4, wbicli can be provided by paracrine 
secretion frotn simultaneously activated Tb2 cell.s or by 
exogenous delivery of IL-4 [3,5,36]. Inimune deviation by 
contintjous subcutaneous mjections of IL-4 v/as first 
anaiyzed in the experixtjetital model of EAE and showed 
therapeutical siiccess. Subsequently, other experimental 
models sitch as auJoiininsme diabetes or collagen-induced 
arthritis have been investigated [5,23,24]. Continuous three 
times daily injections of IL-4 seetn to be essential in order 
to itxtprove typical DTH reactions, such as contact 
hypersensitivity reactioits [16], In aii these preclimcal 
tnodels, itrtprovetnent was closely associated with the 
induction of antigen-specific Th2 cells. Since IL-4 has also 
been shown to worsen the clinical course of these diseases 
under certain experimental cosKtitiorts, it is important to note 
that the therapeutic effect of iL-4 is strorigly depending on 
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IMMUNE DISEASE 

Psoriasis is a chronic inflammatory autoimmune disease 
of the skin and joints, which affects 2-4% of the Caucasian 
population. Several factors are needed in the 
immunopathogenesis of psoriasis, which finally leads to the 
proliferation of keratinocytes and endothelia and the clinical 
manifestation of psoriatic plaques. These factors include 
predisposing factors, such as certain human leucocyte 
antigens (HLA) and psoriasis susceptibility genes as well as 
environmental and psoriasis triggering factors, such as 
streptococcal infections [40,41], These factors may interact 
with the immune system and promote disease activation. 
Beside T lymphocytes, several other immune cells, such as 
mast cells, macrophages, Langerhans cells and neutrophils 
seem to be involved in the inflammatory process leading to 
the clinical manifestation of psoriasis [42,43]. The exact 
interactions between these immune cells via surface 
molecules or soluble factors are still poorly understood. 
Together, the inflammation results in a hyperproliferation of 
keratinocytes and endothelia, which are the most prominent 
signs of a psoriasis plaque. T lymphocytes are essentially 
needed for the development of a psoriasis plaques. Together, 
these findings resulted in a concept, where psoriasis is 
considered to be a Thl-mediated autoimmune disease 
[27,44,45]. This is supported by several clinical 
observations. 
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IMMUNE DEVIATION IN PSORIASIS 

Immunosuppressive Cytokmes 

In agreement with the knowledge on the role of Thl cells 
in the pathogenesis of psoriasis two approaches could be 
helpful to treat this inflammatory autoimmune disease 
without inducing general immunosuppression. The first 
approach is based on antagonists of Thl effector cytokines to 
improve disease progression. Alternatively, the use of 
cytokines skewing disease-inducing Thl cells into a Th2 
phenotype may be helpfiil to treat psoriasis. TNF seem to be 
among tike most important effector cytokines of Thl cells in 
the pathogenesis of psoriasis. In consequence^ general 
immunosuppression with neutralizing antibodies that block 
TNF are highly effective in the therapy of psoriasis [63,64]. 
Blocking TNF in the psoriatic network improves the disease 
effectively but increases the risk of infectious diseases [65]. 
The success of psoriasis therapies by blocking or 
neutralizing TNF underlines the pathological role of type I 
lymphocytes in psoriasis. A different cytokine, lL-10, 
inhibits activation and cytokine production of several 
immune cells, especially T cells. Therefore, IL-10 has been 
given to patients with psoriasis and this therapy may be 
useful in some patients. A placebo-controlled study could 
not show a significant efficacy of IL-10 in the therapy of 
psoriasis. However, IL-10 treatment resulted in a temporary 
clinical improvement in some patients [66]. More 
interestingly, the occurrence of Th2 responses has been 
observed in patients with subcutaneous application of IL-10, 
especially in those where psoriasis responded to the therapy 
[66-68]. 
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reductEOi) c:.f the'p.sot EasiK Area and Severtty Index (PASl) 
was observed and patients in the high dose rbfL-4 group 
i.itiproved sigtiificatitly more than patients in the low close 
group. Histology showed £!ii overall significan! decrease in 
epidenEial tlitckness after six weeks of rbiL-4 treatment. 

As a primaiy goal, we investigated the effects of rhn.,-4 
on the human ininiUEie systertj. Cytokine expression levels 
of lL-2, TL-4, lL-5, lL-8, IL-10, iL-12, 1L-I3, lL-19, IL-20, 
IL-20 receptor, TNF atid IFN-^ have been analyzed before 
and after rhIL-4 therapy in skin by real time FC:R aEid m 
peripheral blood. Sigtiificant changes have only been 
observed for the following parameters: in psotiatic skiti a 
more than 10--fold decrease of the IFN-yiL-4 mRNA ratio 
has been detected in 3/S patients in tire high dose group. 
CCR5"'' Thl cells of psoriasis lesions largely disappeared 
within the six weeks of IL-4 therapy froEn the dcEinis, 
whcE-eas eio change in CCR5"^ Thl cells was observed within 
the epidemiis. Furihsrn-OE-e, we found a strong reduction of 
IL-S and rL19 mRNA in skin biopsies after six weeks of 
tbcE-apy. In the periplierai blood, v/e found a small but 
significant increase of i to 2% I]„-4-pTod.ucing CD^; '" T cells, 
in patients treated with high dose rhIL-4. Thus, clinical 
improvement of psoriasis was closely associated with the 
disappearafice of TbI cells in the skin and the appeara^sce of 
eCR5- Th2-like cells, mainly in the detTEiis. In parallel, IL- 
4'" CD4* T cells increased significantly in the blood. Even 
though one patient reported exacerbatEosi of asthma at low 
dose rhII.-4 tlierapy, other Th2-related disorders, such as 
atopic reactions or increase of serum IgE levels did not occur 
in any of the patients. Together the data show that 
continuous systemic applicaiiofj c(f 0,2 0.5 fig / kg IL-4 
thrice daily over a period of six weeks is capable of 
deviating a Thl phenotype in the skin toward an anti- 
infl-ammatory Tli2 j3he;iotype, and possibly also in the 
peripheral blood. This -"irst ti'ial showing that immune 
devEation with rhIL~4 can improve an inflairtmatery 
autoimmune disease in hitmans s-iggests that immune 
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Fig. (1). Immune deviation of inflammatory Thl cells into an anti-inflammatory Th2 phenotype by Interleukin 4, IL-11 or fumaric 
acid esters (FAE). Antigenpresenting cell (APC). 

have a strong decrease of the IFN-y/IL-4 ratio as measured 
by mRNA levels in lesional skin. In addition, two placebo- 
controlled trials have been performed with rhIL-11 for active 
Crohn's disease. The doses ranged from 5.0 to 40.0 M-g/kg 
per week. The therapy was s^e but clinical efficacy was only 
seen in a subset of patients [76,77J. No clinical benefit of 
rhIL-11 was seen in patients with rheumatoid arthritis [78]. 
Serious adverse events have not been reported in any of these 
studies using subcutaneous application of rhIL-11. However, 
the use of rhIL-11 in the therapy of human inflammatory 
autoimmune disease such as psoriasis or arthritis is limited 
due to the thrombocytopoietic effects of IL-11 [79]. It is 
likely that this potential complication may halt from further 
investigation of rhlL-Il as an anti-inflammatory drug. 

Fumaric Acid Esters 

Unexpectedly, fumaric acid esters (FAE), a novel anti- 
psoriatic drug seem to affect the immune system similar to 
IL-4 or IL-11. FAE have been used for about 15 years in the 
therapy of psoriasis in some European countries [80]. 
Several double-blind, placebo controlled studies have proven 
safety, also for long-term therapy, and efficacy of FAE in the 
therapy of psoriasis [81]. Side effects such as flushing and 
diarrhea are common at higher doses of FAE and in some 
patients leukopenia and eosinophilia may occur. In humans 
FAE seem to have the potential to induce Th2 cytokines 
such as IL-4 and IL-5, and suppress type Thl cytokines. 



deviation may be promising for immunotherapies in human 
Thl-mediated autoimmune diseases [72,73]. Extended 
studies have to clarify the potency of rhiL-4 in the treatment 
of psoriasis and possibly other Thl-mediated autoimmune 
diseases. 



Interleukin 11 

A second cytokine that has the capacity to induce Th2 
polarization in CD4+ T cells is IL-1 1. Similar to IL-4, IL-1 1 
can induce a Th2 phenotype in vitro and in vivo in CD4''' T 
cells of human and mouse origin. IL-11 can induce Th2 
polarization in human IL-1 1 receptor (IL-1 IR) positive CD4 
positive T cells by inhibiting IFN-y production and 
increasing IL-4 and IL-5 production [74|. The IL-llR 
complex is described on hiunan and mouse CD4+ and CDS"*" 
T lymphocytes. It is thought that IL-11 directly influences 
the differentiation of T lymphocytes [75]. In 1999 
Trepicchio et al. performed a phase I dose escalation study 
on recombinant human (rh) IL-11, which was delivered 
subcutaneously to twelve patients with psoriasis. The 
patients were treated with 2.5|ig/kg or 5.0|J,g/kg rhIL-11 
every day for eight weeks. A 20 to 80% reduction of the 
PASI score was observed in eleven of the twelve patients 
during therapy. Seven of twelve patients showed a strong 
reduction of epidermal thickness, reduction of the number of 
lesional T cells and reduced ICAM-1 expression. Most 
importantly, patients responding to the rhIL-11 therapy, 
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SUMMARY 

Psoriasis is a chronic, inflammatory, hypeiprolif eratiye skin disease, in which autoinmimiity plays a great 
role. Natural kiiller T cells (NK T cells), are suggested to be involved in the pathogenesis of different 
autoimmune diseases. To examine the involvement of CD3*CD56* NK T cells in the pathogenesis of 
psoriasis, we investigated the lymphocyte subpopulations obtained from blood samples of psoriatic 
patients before and after treatment, and of healthy controls, using two-colour flow cytometry. We found 
no sigmficant differences between total T cells, total B cells, T helper cells, T cytotoxic cells and 'NK 
cells in patients with psoriasis before and after treatment and in controls. Increased percentage, of 
memory T cells and decreased percentage of naive T cells was detected in psoriatic patients com^jaired 
to controls, but these changes were not statistically significant. The CD3+CD56* ceUs of psoriatic patients 
were significantly decreased relative to controls The percentage of CDS-^CDSe* cells increased after 
different antipsoriatic therapies, but remaiaed sigiuticantly lower than those found in controls. 
CD3*CD56* ceUs of healthy controls were capable of rapid activation, while in psoriatic patients acti- 
vated NK T cells were ahnost absent. The decrease in the number of CD3*CD56* cells naay represent . 
—an infiiasic.charactfflistic feature of patients with psoriasis, which is supported by the fact that after 
, treatment NK T cells do not reach the values foimd in controls. In condusion our results suggest that 
GD3*CD56* NK T ceils could he actively involved in the development of Thl mediated autoimmune 
diseases. 

Keywords CD3*CD56* NK T cells autoimmunity psoriasis 



INTKODUCnON 

Although the pathogenesis of psoriasis is not yet clear, there are 
diaracteristic features of the disease which suggest an immuno 
logical mediated process. Several direct and indirect evidences 
suggest that T cells' play a crucial role in the pathogenesis of 
-^SQriasis-[l-?]rThe>-preseneerof-T^hdper-ceHs,-thatsecret-e-type4 
cytokines (IFN-y, IL-2, TNF-a), was demonstrated in psoriatic 
skin lesions [8-13] . A type 1 differentiation bias was also observed 
in circulating blood T cells of psoriatic patients [14]. The existence 
of an imbalance between Thl and Th2 cells in psoriasis was sup- 
ported further by findings which demonstrated that IL-10 was 
decr€sas.§<i in psoriatic.lg§ions. [ISJ.J^oreosser,. during antipsoriatic 
therapy an increase in IL-10 mRNA expression was observed in 
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peripheral blood, mononuclear cells [16]. IL-IO therapy given 
either intralesion^y or subcutaneously resulted in marked reduc- 
tion of psoriatic lesions [16,17]. These data suggest that psoriasis 
is an inflammatory Thl .mediated autoimmune disorder, but the 
triggering autoantigens are still not identified. 

Although the factors that induce the imbalance between 
Thl andTh2^Us m psonMTajeuiifcnown, a possible role cJofd" 
be attributed to natural kiUer T ceUs (NK T cells) [18]. NK T 
cells are a heterogeneous T cell population characterized by the 
co-expression of ajS or y5 TCRs and various NK receptors, includ- 
ing CD16, CD56, CD161, CD94, CDlSSa and CD158b [19-21]- 
NK T cells have the ability to rapidly secrete large amounts 
of cytokines following activation [22-24]. NK T- cell clones 
secrete type 1, type 2 or both types of cytokines,, which could 
influence tibie differentiation of ThO cells towards Thl or Th2 
cells [25,26]. CD3+CD56* cells represent one of the NK T cell 
populations. 

The ntimber of CD3*CD56* NK T cells has been shown to be 
significantly decreased in the peripheral blood of patients with 
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rheumatoid arthritis, another Thl mediated autoimmune disease 
[27]-. 

Tn the preseiit study we detennined the number of 
CDS^CDSe-^ NK T cells in the peripheral blood of patients with 
psoriasis (before and after treatment) and in healthy controls. 
Other lymphocyte subpopulationsj(totalT cells, T. helper cells,-T 
cytotoxic cells, T memory cells, T naive cells, B lymphocytes and 
NK ceUs) were also analysed and compared in psoriatic patients 
and healthy volimteers. 

Our results show that CD3*CD56* NK T cells are significantly 
decreased in the peripheral blood of patients with psoriasis rela- 
v.J^Z? ^°„?'® healthy controls. This flnffci g is discussed in relalipa.... 
lritETfie"3ev5lopment of a type 1 immune response in psoriasis. 



PATBENTS AND METHODS 

Patients' profile 

Peripheral blood samples of 15 patients with psoriasis (one 
erythrodermic, two guttata type and 12 chronic plaque psoriasis) 
were obtained with informed consent for use in this study The 
Ethical Committee of the University of Szeged, Hungary 
approved this investigatiorL Blood samples were collected before 
and. after treatment froni all patients. The patients' characteri- 
stics are presented in Table 1. Therapeutic modalities included 
-.-iDGnotherapy and combined therapeutic regimens. (Tkble2).. The 
second blood sample w"as taken at . the time when the appUed 
treatment regimen had been completed. At this time the major- 
ity of patients was syinptom-free or had minimal skin chanees 
(PAST < 4). 

: The conti:ol group consisted of 12 healthy hospital employees 
(seven females and five .males), aged 37-08 + 7-21 years with 
informed consent for use in the study In the control group 
nobody took any Wedication and. nobody suffered from any 
known acute or chronic disease. 

Reagents " . 

Aati-CD3 HTC, anti-CD3 H5 (done UCHTl), anti-CDlS PE 
(clone HD37),anti-CD4FITC (doneMTSlO), anti-CDS PE, anti- 
CP8 FITC (clone DK 25), anti-CD25 FTTC (done ACT-1) and 

isotype-matched labelled mouse immunoglobulins were obtained 
from DAKO (Copenhagen, Denmark), anti-CD56 FITC (done 
NKH-l).,4ati-CD45RA PE (clone F8-11 - IS) were obtained from 
. ._-S.erotec (Oxford, UK), anti-CD4 FITC (clone SK3), anti-CD56 
PE (MY31) from Becton.Dickinson (San Jose, CA, USA) and 
aEti-CD45RO FTTC (done UCHLl) was obtained from 
Inununotech (Beckman Coulter, Fullertpn, CA, USA). 



Immunostaining and flow cytometry 

Peripheral blood, anticoagulated with EDTA, was collected. Each 
blood sample (50 /A) was stained with two monoclonal antibodies, 
one conjugated with FITC and the other with PE (10^ from 
each) at Tpom temperature, in the dark for 20min Erythrocytes 
were lysed witii FACS Lysing Solution (Becton DicBnson San 
Jose, CA, USA). After two washes with PBS the cells were resus- 
pended in PBS for immediate analyses or were fixed with 2% 
pMafoimaldehyde for overnight storage before analyses. Two- 
colour flow (ytometry was performed by using a FACSCalibur 
cytometer.and the data were analysed using Cell Quest software 

events were acquired. 

Isolation and stimulation of T cells from peripheral blood 
Mononuclear ceUs (PBMC) were isolated from peripheral venous 
blood samples of psoriatic patients and healthy controls by 
Ficoll-Hypaque density gradient centrifugation (Biotech Inc, i 
Piscataway, NJ, USA). PBMC were recovered at tiie interface and 
washed in PBS supplemented with 2% fetal calf serum (FCS). T I 
ceUs were isolated by positive selection using uniform magnetiz- 
able polystyrene beads coated with monodonal antibodies, spe- 
cific for CD3 (Dynabeads M-450CD3 from Dynal, Oslo, Norway) 
and a magnetic particle separator (Dynal MPC, from Dynal, Oslo, 
Norway) following the protocol provided- by-the mantifacfiirer: ' 
Briefly, PBMC were incubated with CDS monoclonal 'antibody 
coated magnetic beads (bead : cell ratio 5:1, Dynabeads concen- 
fration 1 X lO'/ml) for 6 h hi RPMI 1640 culture medium supple- ' 
mented witii 10% FCS, at 37°C in a humid 5% CO2 incubator. 
After the incubation time Dynabeads were detached -from-the- ■ 
cells by pipetting ,the cell suspension 10 times through an auto- 
mated pipette. The beads were than removed from the cell sus- 
pension using a Dynal MPC the beads attached to the tube wall 
while the cells remained in the suspension. This isolation proce- 
dure throiigh the CD3 binding results in stimulation of the CD3+ 
cells [28]. The isolated and stimulated cells were then analysed by 
two-colour flow cytometry, using monodonal antibodies for 

■ Hable 2. Tteatmeiit regimens used in the study 



Treatment Number of patients 


Dithranolt 


6 


PUVA* 


6 


Dithranol-l-PUVAt 


i 


Dithranol -f narrowband ultraviolet B (Sllnm)! 


1 


Re-PUVA5 


1 



Table X. Patient profile 



Sex (male: female) 
Age (years) 
■ Age of onset (years) 
Disease duration (years) 
Psoriasis type (chroiuc: eruptive) 
PASI score 

Family history (positive: negative). 



U2:3* 
42-35 + 14-32 
25-7 + 10-38t 
16:7±.9-21 . . 
13:2 

18-77 ±12-25 
6:9 



(20-67)t 

(9^5) 

(3-37) 



'Number of patients; tmean ± s.d.; trange. 
© 2002 Blackwen Science Ltd, Clinical and Experimental Immimology, 127:176-182 



tDithranpl treatment was used in slowly increasing ci 
starting with 0-5% up to 8% depending on the induced erythema. *Oral 
8-methoxypsoralen -t- UVA (four times a week) was administered from 1 
J/cm* up 5J/cm' depeiiding on the induced erythema. tDithraaol treat- 
ment with slowly increasing concentrations starting with 0-5% up to 8% 
was combined with oral 8-methoxypsoralen + UVA (four times a week) 
from IJ/cm^ up 5 J/cm^ depending on the induced erythema. §0ithranol 
tteatment with slowly increasmg concentrations starting witt 0-5% up to 
8% was combined with narrowband ultraviolet B JErom 0-2J/cm' up to 
2-2J/cm^ (five times a week) depending on the induced erythema. ?Oral 
acitretin (0-5mg/kg hodjuKt) + oral 8-mfithbxypsoraleH-+ UVA (four times- 
a week) from IJ/cm^ up 5J/cm^ was administered depending on the 
induced erythema. 
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detection of CD56, CD25, CD4 and CDS -After 6h of-aiiti-.CD3 
anMjody stimulation, the CD3 antigen was transiently down-reg- 
ulated. By growing the ceUs for further 24 h in culture medium 
the CD3 antigen was reexpreissed on the cell surface, and could 
be detected using FITC conjugated CDS antibodies. Vitality of 
isolated cells was tested by trypan blue exclusion. 

Statistical analysis 

Statistical analysis of the data was made by ANOVA, Pearson 
correlation test and Spearman's rank order correlation test. For 
significant aNOVA values, groups were compared by Hikey's 
post hoc test for multiple comparisons with unequal cell size. A 
probabihty level of 0-05 was accepted as indicating significant 
differences. 



RESULTS 

Analyses of lymphocyte subsets 

The lymphocyte subsets in patients vidth psoriasis before treat- 
ment and in healthy controls were analysed. The percentage of 
CD3*CD56* NK T cells was significantly decreased in the periph- 
eral blood of patients with psoriasis before treatment compared 
with healthy controls (1-79 + 1-07% in patients versus 5-22 + 
1.74% in controls, P < 0-0001) (TableS). Representative flow cyto- 
metric analyses show CD3^CD56* NK T ceUs in a patient before 
treatment (0,78%) (Fig. lb) versus in a healthy control (6-28%) 
(Fig. la). The absolute number of circulating CD3*CD.56* NK T 
cells was also sigriificantly lower in psoriatic patients before treat- 
ment. Jhan..aie values fpmd. in. hea^^ (29^43 + 17-12 jA 
in psoriasis before treatment verai« 126-15 + 45-35 /d in controls, 
p. < 0-0001). Memory T cells (CDyCD.45RO*) represented a 
larger (35-36 + 9-38% in patients versus 27-21 + 7-34% in.controls) 
and naive T cells (CD3*CD45RA*) a smaller population (37-71 + 
8-34% 'in patients versus 45-00 ± 7-19%) in the peripheral blood 
of patients relative to controk however, these differences did not 
reach statistical significance. Similarly, a slight but statistically not 
significant increase in the proportion of helper CD4+ T helper 
cells was observed in patients with psoriasis (44-52 ± 9-05% in 
patients versus 38-97 ± 5-66% in controls P > 0-05). There was no 
difference in the percentages of B lymphocytes, conventional NK 
cefls (CP3-CD56"), total T cells and T cytotojdc CDS* cells 
between the two groups (Table 3). 



liable 3. Percentage of lymphocyte subsets (mean + s.d.) in peripheral 
blood of patients with psoriasis before treatment, after treatment and of 
healthy controls 









Healthy 




Psoriasis before 


. Psoriasis after 


controls 




treatment (%) 


treatment (%). 


(%) 


cm* 


72-46 + 8-59 


70-04 ± 8-59 


70-78 ± 4-71 


CD19* 


11-24 ±4-87 . 


- .11:5 + 5-41 


..13-97 + 4-63 


CD3*CD4* 


44-52 ± 9-05 


42-54 + 8-22 


38-97 + 5-66 


CD3*CDS^- 


27-12 + 8-21 


26-39 ±7-18 


28-95 + 7-43 


Cr)3*CD56* 


1-79 ±1-07 


2-68 ±1-04 


5-22 ±1-74 


CD3-CD56* 


10-20 ±5-69 ■ 


12-47 ± 6-98 


10-30 ±4-7 


CD3*CD45RA* 


37-71±8'34 


37-90 ± 8-60 


45-00 + 7-19 


CDa+eD45RO* 


35-36 ±9-38 


35-13 + 9-87 


■27-21 + 7-34 



.Comparing the lymphocyte subsets of patients w ith psoriasis 

before and after treatment, the only lymphocyte population in 
which changes were . statisticaEy significant was the NK T 
(CD3*CD56*) subset. Both the percentage and the absolute cell 
number of NK T cells were significantiy increased in the periph- 
eral blood of patients with psoriasis after treatment(2-68 + 1-04 % , 
29-43 ± 17-12^ versus 1-79 ± 1-07%, 58-95 + 31-56 /jI, P < 0-001), 
but did not reach the values found in healthy contiols (Table 3). 
A representative flow cytometric analysis shows the comparison 
of CD3*CD56* NK T cells ni a patient before treatment (0-78%) 
(Fig. lb) versus in a patient after treatinent (3-04%) (Fig. Ic). 
We found no statistically significant changes in the other lym- 
phocyte subsets (Tables). The antipsoriatic treatinents used in 
this study had no effect on the number of memory and naive T 
ceUs (Tables). 

After treatment the absolute cell number of CD3*CD56* NK 
T cells remamed significantly decreased in patients with psoriasis__ 
compared to healthy controls (58-95 ± 31-56^41 in patients kfter 
treatment versitf 120-15 ± 45-35^1 in conti:ols,P< 0-001); The same 
was observed when the percentage of NK T ceUs ambng lym- 
phocytes was analysed in peripheral blood samples (2-68 + 104% 
in patients versus 5-22 ± 1-74% in controls, P < 0-001)-(Table 3). 
Representative flow cytometric analyses show CD3*CD56* NK T 
cells in a patient after ti-eatment (3-04%) (Fig. Ic) versus in a 
healtiiy control (6-28%) (Fig. la). Memory T ceUs remained ele- 
vated (35-13 + 9'87% in patients versus 27-21 ± 7-34% in controls) 
and naive T cells were decreased in the psori^is group compared 
to healtiiy controls (37-90 ± 8-60% in patients versus 45 00 ± 
7-19% in controls) CKible 3), without reaching statistical signifi- 
cance. Similarly, the number of T helper cells showed a sUght, sta- 
tistically not significant elevation in treated patients compared to 
controls (42-54 + 8-22% in patients vewMS.38-97 ± 5-66% in con- 
trols P > 0-05) (Table 3). No difference between tiie two groups 
was found regarding B lymphocytes, NK ceEs, total T cells and 
cytotoxic T cells (Tables). 

CD3*CD56* NK T cells and patients' profile 
To determine whether the number or the percentage of 
CD3*CD56* NK T cells in patients with psoriasis shows any cor- 
relation with age, PASI score and disease dura^on die appropi- 
ate correlation test has been apphed. The analysis of tiie possible 
correlation of NKT cells with.age was also performed in healthy 
conti-ok- Statistical analyses of our data showed a slight, but 
significant direct correlation between NK T cells and the age of 
conti-ols (ri = 40-39). In contrast in psoriatic patients a slight, 
but statistically significant inverse correlation (r2 = -0-31), was 
detected (data not shown). We observed that patients witii a long- 

term history of frequent relapses, who did not respond well to 

tteatmentThad'thriow^^^^ 

recovery of NK T cells .foUowing therapy was slower and gener- 
ally poor. However, CD3*CD56* cells showed no.correlation with 
PASI score and disease duratioii (data not shown). 

Stimulation of peripheral blood T celk with anti-CDS 
monoclonal antibodies 

To. examine the activation status of CDS*CD56* NK T cells, we 
separated T cells from the peripheral blood of healthy controls 
and of patients with psoriasis. These T ceUs were stimulated for 
6h using anti-CDS monoclonal antibodies, and then flow cyto- 
metric anal:^is was performed. On the FSC/SSC dot-plot of sep- 
arated and stimulated T cells obtained from healtiiy controls a 
nental Immunology, 137:176-182 
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(a) (b) (c) 




CD56FITC CD56FITC CD56 FITC 

Fig. -L Representative dot-plot diagrams of peripheral blood cells stained with PE conjugated aiti-CDS monoclonal antibodies and PE 
conjugated anti-CD56 monoclonal antibodies. GD3*CD56* NK T ceUs m a healthy control (a), in a patient with psoriasis before treatment " 
(b) and in the same patient after treatment (c) are in the upjper-right quadrants of each dot-plot diagrams. (2D3*CD56* NK T cells are sig- 
nificantly decreased in the peripheral blood of patients with psoriasis (b, 0-78%), the percajtage of these ceUs increases after therapy (c, 
3 04%), but reinams significantly lower than in healthy controls (a, 6-28%). 



distinct cell population was recognized, which was not present as 
a distinct populatioA on the dot-plot of unstimulated CD3* T cells 
(Rg. 2). These cells showed a marked granulated pattern. Analy- 
sis of stimulated T cells was performed by using two gates: Rl for 
these granulated cells and R2 for the other ceils. AU the granu- 
-^-latisd cells (gate Rl) ejipressed the surface molecule CD56, but 
only a minority of the ,bther cells (gate R2) expressed this mole- 
cule (Kg. 3). Thus the/granulated ceils were NK T (CD3-"CD56*) 
cells. More than half of NK T ceUs (gate Rl) expressed the CD4 
marker (71-25%), while very few of the less granulated 
CD3*CD56* NK T cells (gate R2) were CD4* (0-58.%) (Fig. 3). 
The CDS molecule was expressed by more than half of the less 
granulated CD3*CD56* NK T cells (gate R2) and by about one- 
thhd of the granulated NK T ceUs (gate Rl) (Fig. 4). The low 
affinity receptor for an early activation marker for T cells, 
was detected with an anti-CD25 .FITC labelled monoclonal anti- 
body Almost all the granulated NK T cells (gate Rl) expressed 
CE)25 molecules (93'2%), indicating that they were activated 

eeUs. - Among the less granulated cell population (gate R2) only 

59-65% of the cells expressed the low affinity IL-2 receptor (data 
not shown). After analysing the separated and stimulated T ceUs 
collected fronj patients with psoriasis we found that CD56* T cells 
with marked granulated pattern were ahnost absent. Scattered 
CD56* T cells were present between the cells with normal gran- 
ulation pattern, characteristic for lymphocytes (data not shown). 
These fi n di ngs are in concordance with the low levels of 
CD3+CD56* NK T cells that were detected in the peripheral blood 
samples of patients with psoriasis by flow cytometric analyses of 

, , unseparated cells. 

In each experiment controls- staining of separated and stimu- 
lated T ceUs was performed after 24h of culture in medium alone, 
using FITC conjugated anti-CD3 antibodies. Ihe percentage of 
separated cells that expressed the surface molecule Cp3 was 
95-98% (data iiot shown). The vitality of separated and stimu- 
feted-cells was tested usmg trypan blue, and was alwai^ above" 
95%. 

© 2002 Blackwell Science Ltd, Clinical and Experimental Immunology, 127:1 



DISCUSSION 

NK T cells are phenotypically and functionally diverse [28]. Ini- 
tially, NK T cells weire described as ceDs that express an mvariant 
TCR Valphal4 in mouse and yalpha24 in humans [29]. Recently, 
NK T cells espres^g diverse TTCRs have been also recognized 
[22,2330]. The CD3+CD56* cells represent one of these NK T cell 
subpopiilations. 

Oiur results show that the number of CD3*CD56* NK T cells 
is significantly decreased in the peripheral.blood of patients with 
psoriasis and that the percentage of these cells increases after 
different therapies used in psoriasis, but remains significantly 
lower than those found in healthy controls. The full relevance of 
this finding is stiU speculative. The decrease in the number of 
CD3*CD56* cells may represent an intrinsic characteristic feature 
of patients with psoriasis. This hypothesis is supported by the fact 
that NK T cells; do not reach tibie values found m healthy controls, 
so it is possible that the percentage of this cell population is per- 
manently decreased in the peripheral blood of patients with pso- 
riasis. Another possible cause that leads to decreased number of 
NK T cells may be represented by the early activation of these 
cells by antigens involved in the relapse of the disease, followed 
by apoptosis [31]. Since we did not study NK T cells in the skin 
we could not exclude that the decrease in NK T cells in the peri- 
pheral blood might come from the differential homing of NK T 
cells to the skin lesions. Further studies are needed to elucidate 
the direct role of NK T cells in the skin of patients with psoriasis. 

In our study we found that CD3*CD56+ NK T cells were 
capable of rapid activation. After stimulation of CD3* T cells one 
""population of activated NK T cells appeared. NK T cells are able 
to recognize non-peptide antigens [32]. /n v/vo administration of 
synthetic ceramide induces the secretion of both type 1 and type 
2 cytokines [24], but repeated doses polarize NK T cells towards 
1h2 cytokine synthesis [33,34]. Thus IL-4 produced by the NK T_ 
cells plays a major role in promoting the differentiation of ThO 
cells into Th2 cells [34,35]. Although the preciserole of NK T ceUs 
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Rg. 2. Light scatter analysis (FSC versus SSC) of mstnnulated pi 
ial blood CDS* T cells (a) and of separated and stimulatftd CX)3* T. cells 
(bX Peripheral venous blood sample was obtained from a healthy control. 
■ Cell separaition and stimulation was performed usmg magnetic beads 
-coated with anti-CD3 monoclonal antbodies. After stmiulation of the 
CD3- T cells a distinct population of granulated ceHs appeared (Rl). 



is not yet elucidated, they can be a regulatory ceU type playmg a 
pivotal role in the development of penpheral tolerance and m the 
--»odulatioiW)f-iiBffliinejcesponsesJ^undiicm^ 
vation and consequently in the cytokine secretion of classical T 
cells [36 37]- Psoriasis is an autounmune disease in which type 1 
cytokine secretion pattern can be demonstrated m T ceUs derived 
from lesional skin and from penpheral blood [8,14]. It is possible 
that this feature is a consequence of an mefficient type 2 response, 
because ofjack of NK T ceUs. This issue imght be clarified by 
comparing the IL-4 producing capaaty of CD3*CD56 NK T cells 
from psoriatic patients with that from healty controls. However, 
the study of the cytokine production m psoriasis on aper cell basis 
was beyond the scope of our present work. Our results are the 
first clear-cut evidence showing that low NK T cell counts are a 
characteristic of psoriasis patients-These findmgs raised the ques- 
tion of whether NK T cell defiaency might result m the missmg 
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Ka. 3. Phenotypic analyses of separated and stimulated CDS* T cells. T 
ceUs were stained with PE conjugated anti-CD56 and HTC conjugated 
anti-CD4- Ihe expression of CD56 and CD4 surface molecules on gr^i> 
lated CDS* T cells, gate Rl in Hg. 2b and on the less granulated CDJ i 
cells, gate R2 in Hg. 2a are shown. Allthe granulated CDS^ T cells express 
- the sirface mTDTectiirCB56-«rT!j>i?e- - v v.),J3ut-olihfi_ 

less granulated CDS* T cells only a minor population express this mole 
cule (a- upper left and right quadrants). 71-25% of granulated CDo CD56 
ceUs express the CD4 marker (b, upper right quadrant), at .the same tun 
very few (0-58%) of the less granulated T ceUs express both CD56 ana 
CD4 on the surface (a, upper nght quadrant). 



conttdretnlatoi^ 
immuns 



saxtd f: 



jponse ufjo; 

in the deve.iopmeiit o.i tolfciitiii-!> pSj, tl-i-^ aer....- 
cvlokmesv-intavourthede-ve^oimcn of iu'Oimnni.ut, 



.,2002B i kv.e„ 



■sae 1 td Cam. i! anu ^x^^ a^cn'al ir 



181 



^ (a) 


1 CD3*CD56*CD8* 1 1 -72% 
1 






■Xif ■ 10' 1(f 103 
CDS Fire 


: (a) 

1 
1 


CD3*eD56*CD8* 24-4% 


1 

i 





CDBFITC 

Big. 4. Phenotypic analyses of separated and stimulated QD3f T ceHs. T 
cells were stained with PE conjugated anti-GDSe and FTTC conjugated 
anti-CD8. The expression of CD56 and CD4 surface molecules on granu- 
lated CDS* T cells, gate Rl in Hg. 2b and on the less granulated CDS'" T 
cells, gate R2 in Fig. 2a are shown. 24-4% of granulated,CD3'-CD56* cells 
express the CDS marker (b, upper right quadrant), at the same time 
11-72% of the less granulated T cells express both CD56 and CDS on the 
surface (a, upper right quadrant). 



The dysfunction of NK T cells correlates with the pathogen- 
esis of other T cell-mediated autoimmune diseases [39,40]. In 
ipr/lpr mice, in which a spontaneous autoimmune syndrome 
resembling human systemic lupus erythematosus occurs, NK T 
cells disappear from the periphery by the tinae the autoimmune 
disease develops. Selective experimental depletion of NK T cells 
from the p eripheral Mood rftswlts in early onset- and-ekacerbaMoB: - 
°f the autoimmune phenomena [39]. The selective reduction of 



NK T cells has been also detected m non-obese diabetic mice 
[40,41]. Studies m humans have showed that decreased number 
of NK T ceDs are present m the peripheral blood of patients with 
rheimiatoid arthntis. systemic sclerosis and insuhn-dependent 
diabetes meUitus [27.42.43]. 

Other lymphocyte populations were also investigated- We 
found no significant differences between total T cells, total B cells 
T helper cells, T cytotoxic cells and NK cells m patients with pso- 
: nasis and healthy controls. Ihese results are m concordance with 
observations of other authors and highhght further the signifi- 
cance of CD3*CD56' NK T cells in the pathogenesis of psoriasis 
[44-46]. 

WT'KiimanmCTeasea'pM'cSa^^ T cells and 

decreased percentage of naive T cells. However, these changes 
were not statistically significant, they might be related to the 
chrome activation of the immune system m patients with psoria- 
sis. Increased numbers of memory T cells have been found in 
lesional skm and m the synovial tissue of patients with psonatlc 
arthritis [38,47]. It is mterestmg that the treatments used in this 
study had no effect on memory and naive T cells. It is possible 
that the persistence of the mcreased number of memory T cells 
is one of the factors that contribute to the relapses observed in 
psonasis. but these assumptions are still speculative and need 
further mvestigations. 

In conclusion, our results suggest that CD3*CD56* NK T cells 
have a role m the pathogenesis of psonasis and that reduced NK 
T cells can be of importance m the development of psonasis, a 
IM mediated autoinunune disease. 
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EXHIBIT C 




*p<0.05 



NC = Negative Contarol 
PC = Positive Contirol 



EXHIBIT D 




*p<0.05 



NC = Negative Control 
PC = Positive Control 



